The activities of traditional gold mining in the region of Talawaan-Tatelu, North Minahasa regency, North Sulawesi, have been ongoing since 1998. Processing the gold in the mine consists of three stages i.e., the excavation, milling and amalgamation, and the use of cyanide tanks. Waste from the processing units which contains high mercury, generally flows directly into small rivers nearby. This study aimed to determine the pollution status and mercury sedimentation in a small river near the amalgamation and cyanidation processing units in Talawaan-Tatelu gold mining. Water and sediment samples were taken from seven stations along a small river, as many as four temporal replications (weekly). Mercury determination in water and sediments was done by using Cold Vapor Atomic Fluorescence Spectrometry. Pollution status was determined through the calculation of Hg ratio in water samples and in water quality criterion (4 th class, as noted in The Indonesian Government Regulation No. 82 of 2001 on Water Quality and Water Pollution Control), while the mercury sedimentation was calculated from the ratio of mercury in water and sediment. The results showed that there are differences in the status of pollution and mercury sedimentation of seven sampling stations. Amalgamation and cyanidation processing units provide significant impact on the status of pollution (although it is categorized in contamination) and mercury sedimentation along small river in the gold mining area of Talawaan-Tatelu. The downstream of this small river, Talawaan River, is the main river of the Talawaan watershed. Things that should be a concern are Talawaan rural communities living near Talawaan River who often use the water for daily needs such as bathing and washing. Risk to public health around the river can arise when the status of pollution and mercury sedimentation are influenced by the amalgamation and cyanidation processing units.
Introduction
In North Minahasa Regency, North Sulawesi Province, Indonesia, there is an artisanal and small-scale gold mining (ASGM) which has been in operation since 1998, located precisely in the village Talawaan and Tatelu. Talawaan-Tatelu gold mining was originally operated by an Australian mining company, Aurora Mining Co. (herein is known as Archipelago Resources Pty. Ltd.) . Furthermore, the mining concessions changed hands on indigenous people (Veiga et al., 2009) . In gold processing, the miners initially use amalgamation technique, which involves the capture of gold, using mercury from rocks that have been milled. In recent years, the amalgamation technique is combined with cyanidation technique (Limbong et al., 2003) . The use of mercury in these mines cannot be controlled properly; thus, the waste of mine containing high concentration of mercury is directly discharged into the environment without being processed first (Filho et al., 2004; Palapa and Maramis, 2014a; Palapa and Maramis, 2014b) . The waste of mine discharged into the environment enters the water body of small rivers near the mine and empties into the Talawaan River, a major river in Talawaan watershed (Lasut and Yasuda, 2009) . Many rural communities are settled along the riverbanks of Talawaan River. The communities often use the water for daily purposes (such as for bathing and washing) and support of economic activities (such as for farming activities, irrigating paddy fields, including freshwater fishponds) (Lasut and Yasuda, 2009; Malik et al., 2010) . In these circumstances, there should be monitoring of mercury content in river water. Some mercury monitoring data have been reported by several researchers (Keith, 1991; McGeer et al., 2003; Filho et al., 2004; Palapa and Maramis, 2014a) , but they are not conducted in a sustainable manner (the last monitoring data was reported about 12 years ago). Therefore, the purpose of this study was to determine the pollution status and sedimentation of mercury in a small river near the amalgamation and cyanidation unit in Talawaan-Tatelu gold mining.
Methods

Research design
This study used a randomized block design in which independent variables were the spatial and temporal factors. Spatial factors consisted of seven groups of sampling stations, where each group was taken four times as temporal replicates with a span of four days. The dependent variables in this study were the pollution status (determined through calculation of the ratio of Hg in water samples, and water quality criterion (4 th class, as noted in The Indonesian Government Regulation No. 82 of 2001 on Water Quality and Water Pollution Control) (Singgih, 2007) and mercury sedimentation (determined through calculation of the ratio of Hg in water and sediment). The location of seven sampling sites can be seen in Figure 1 . Samples of water, sediment, and plants were taken by judgmental sampling (Krisnayanti et al., 2012) . Description of the location of seven stations for judgmental sampling consideration are presented below: 
Mercury determination and data analysis
Determinations of mercury in water and sediment were carried out by a testing laboratory, Water Laboratory Nusantara (WLN, PT. Water Laboratory Nusantara Indonesian, www.wln.co.id). This laboratory has been accredited as a testing laboratory by the National Accreditation Committee (KAN) with registration number: LP-433-IDN. The determination of mercury (Hg) dissolved in water samples was used Cold Vapor Atomic Fluorescence Spectrometry (CVAFS, USEPA-245.7, 2005) method, while that in sediments was used the reference method modified by the Water Laboratory Nusantara (WLN-ML-WI -01). The data of pollution status and sedimentation of mercury were analyzed by using non-parametric statistics (Friedman test, α 5%) (Sehmel, 1989) .
Results and Discussion
Pollution status of mercury
Data of pollution status calculated by using the ratio of mercury in water sample and quality standard criterion (4 th class, as noted in The Indonesian Government Regulation No. 82 of 2001 on Water Quality and Water Pollution Control) based on spatial station categories are presented in Figure 2A and Table 1 , while those based on temporal replicates categories are presented in Figure 2B and Table 2 . Status, a water sample can be said to have been polluted by a parameter when the value of the ratio of these parameters in water sample and quality standard criterion is greater than 1. When less than 1 it is still limited to contamination (Palapa and Maramis, 2014a) . Although belonging to the contamination, mercury pollution status tended to show a decline from the station located in the upstream to downstream. 
Mercury sedimentation
Data of mercury sedimentation calculated by using the ratio of mercury in water and sediment based on spatial station categories are presented in Figure  3A and Table 3 , while those based on temporal replicates categories are presented in Figure 4B and Table 4 . The results of calculation of mercury sedimentation showed that the sedimentation tended to incline from the station located in the upstream to downstream. The mercury contamination of seven stations in a small river system flowing near the amalgamation and cyanidation units showed a declining trend from upstream to downstream. The difference of mercury contamination between stations is reinforced by the results of the Friedman test (Tables 5 and 6) show P value less than α (5%). Friedman test (α 5%) results for mercury sedimentation showed a tendency that the rate of precipitation of mercury from water to sediment increased from upstream to downstream. Mercury from direct discharges or underground seepage of tailings water formed a bond with the organic particles in the water of river. A certain proportion of these bonds due to gravity experienced precipitation to the bottom of river.
Conclusion
Amalgamation and cyanidation processing units provide significant impact on the status of pollution (although it is categorized in contamination) and mercury sedimentation along a small river in the gold mining area of Talawaan-Tatelu. The downstream of this small river, Talawaan River, is the main river of Talawaan watershed. Things should be a concern that Talawaan rural communities living near Talawaan River often use the water for daily needs such as bathing and washing. Risks to public health around the river can arise given the status of pollution and mercury sedimentation are influenced by the amalgamation and cyanidation processing units.
